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ABSTRACT 

Daytime atmospheric  X-ray f l u o r e s c e n c e  w i l l  a f f e c t  
20-35 & X-ray astronomy only i n  l o w  e a r t h  o r b i t  when weak 
source  v i s i b i l i t y  i s  d e s i r e d .  
cence,  caused by pho to ion iza t ion  of atmospheric  oxygen and 
nitrogen,-cSK be- cons iderably  reduced by c p e r a t i n g  in - -o rb i t s  - __ 
above 300 nm. 
f luo rescence  i s  approximately t h a t  of t h e  lowest background 
X-ray f l u x  measured i n  t h i s  ~- wavelength reg ion .  

The e f f e c t s  of t h i s  f l u o r e s -  
___ - - -  __ 

A t  2 2 5  nm, dur ing  s o l a r  q u i e t ,  t h c  a tmospheric  

. 

NJ9-73436 



SUBJECT: Daytime Atmospheric X-ray 
F luorescence  and I t s  E f f e c t  
on X-ray Astronomy - Case 630 

DATE: September 5, 1 9 6 9  

FROM: F . F . Tonblin 

MEMORANDUM FOR FILE 

I. INTRODUCTION 

S o l a r  r a d i a t i o n  i n t e r a c t i n g  wi th  a tmospher ic  c o n s t i t -  
u e n t s  has  become an important  c o n s i d e r a t i o n  wi th  t h e  advent  of 

t h i s  phenomenon i s  t h e  Lyman a l p h a  geocorona which ex tends  t o  
more than  1 0  e a r t h  r a d i i .  The Lyman a lpha  emission i s  p r e s e n t  
bo th  day and n i g h t  and has  r e s t r i c t e . d  t h e  exposure t i m e  on 
c e r t a i n  UV cameras on t h e  Smithsonian experiment end of OAO. 

- 
- --asXronomical o b s e r v a t o r i e s  i n  nea r -ea r th  o r b i t .  An example of - - -  

W e  cons ide r  h e r e  t h e  K s h e l l  f l uo rescence  a t  23 .6  8 
These wave- and 31.6 f! of oxygen and n i t r o g e n ,  r e s p e c t i v e l y .  

- - -  l e n g t h s  are i n  a r eg ion  of cons ide rab le  i n t e re s t  i n  c u r r e n t  
X-ray surveys  and t h e i r  suppres s ion  i s  h i g h l y  d e s i r a b l e .  Th i s  
f l u o r e s c e n c e  i s  gene ra t ed  by a two-step p rocess .  F i r s t ,  X- 
r a d i a t i o n  wi th  energy g r e a t e r  t h a n  t h e  b inding  energy of t h e  
K e l e c t r o n  (most t i g h t l y  bound) i s  absorbed by t h e  i o n  (photo- 
a b s o r p t i o n ) .  There is %80% p r o b a b i l i t y  t h a t  t h e  K s h e l l  
e l e c t r o n  w i l l  b e  e j e c t e d  i n s t e a d  of t h e  less t i g h t l y  bound 
e l e c t r o n s .  The atom, now i o n i z e d ,  may decay by two modes: 
Auger e l e c t r o n  emission or f luo rescence .  F luorescence  r e s u l t s  
when t h e  L s h e l l  e l e c t r o n  f a l l s  i n t o  t h e  K s h e l l .  For i o n s  
w i t h  s m a l l  2 (atomic number) t h e  Auger e f f e c t  i s  dominant and 
no f luo rescence  occurs .  Decay i n t o  t h e  K s h e l l  and f l u o r e s -  
cence r e s u l t s  i n  only  approximately 1-2% of t h e  e x c i t a t i o n s  
for oxygen and n i t r o g e n .  

This  c a l c u l a t i o n  r e q u i r e s  knowledge of t h e  shape of 
t h e  solar X-ray spectrum only i n  t h e  r eg ion  j u s t  above t h e  K 
s h e l l  b inding  energy (23.6 a f o r  oxygen) , where t h e  photo- 
e lectr ic  absorp%ion cross s e c t i o n  is l a r g e s t .  Moreover, a 
r easonab le  model f o r  t h e  atmospheric  composition and d e n s i t y  
above 1 0 0  nm is needed. 

11. METHOD 

Consider a volume element  dV w i t h i n  t h e  tenuous 
atmosphere above 1 0 0  nm. The s o l a r  X-r'ay f l u x  pass ing  through 
an  element of s u r f a c e  normal t o  t h e  f l u x  i s  g iven  by 

dN ( E )  photons 
2 cm sec keV dE 
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(see F i g u r e  1). 
be neg lec t ed  a t  t h e s e  a l t i t u d e s  as it i s  much less than  1%. 

The a t t e n u a t i o n  of s o l a r  X-rays themselves may 

The atmospheric  d e n s i t y  a t  t h e  volume element i s  
p . ( h )  where t h e  index  refers t o  t h e  atomic s p e c i e s ,  and h i s  
t h e  a l t i t u d e  above t h e  s u r f a c e  of t h e  ear th .  The cross s e c t i o n  
p e r  atom f o r  t h e  X-ray emission i s  g iven  by a ( E ) ,  where E i s  
t h e  i n c i d e n t  solar  energy. 

w i t h i n  t h e  volume d V  a t  an a l t i t u d e  h i s  

1 

I .-_--I 

I 

Thus the  number of f l u o r e s c e n c e  photons N gene ra t ed  

- - ~ -  -1 -_I -- - ---___ ___ ---__-I-- -- 

m 

d Nl = dVJ d E  d!&(E) :i(E) p i ( h )  

EK 

W e  assume t h e  f lou rescence  process  i s  i s o t r o p i c ,  so t h a t  t h e  pho- 

Then t h e  i n t e g r a t i o n  over  a l l  volume elements  w i t h i n  t h e  c o n i c a l  
f i e l d  of view of h a l f  ang le  a y i e l d s  

ton  f l u x  e n t e r i n g  a s u r f a c e  d i s t a n c e  r from d V ,  d i v i d e  (1) by 4IIr  - 2  . 

. m 

The ang le  s)r i s  t h e  local  v a r i a b l e  about  0.  0 determines t h e  look 
d i r e c t i o n  w i t h  r e s p e c t  t o  t h e  local v e r t i c a l .  
are performed w i t h  0=0. For  o ther  a n g l e s  (0<70°) t h e  s imple  

d e n s i t y  . 
A l l  c a l c u l a t i o n s  

. m u l t i p l i c a t i o n  by sec 0 w i l l  p r o p e r l y  account  f o r  t h e  i n c r e a s e d  

111. THE PHOTOELECTRIC CROSS SECTION 

Close t o  t h e  K s h e l l  edge t h e  form fo r  t h e  phot=- 
e lectr ic  abso rp t ion  cross s e c t i o n  a ( E )  becomes complex because 
of t h e  i n a p p l i c a b i l i t y  of t h e  Born approximation. An a n a l y t i c a l  
f o r m  of t h e  cross sec t ion  has been determined") and i s  shown i n  
F i g u r e  2 f o r  oxygen and n i t rogen .  
for X-ray f luo rescence  then  

I f  a ( E )  i s  t h e  c r o s s  s e c t i o n  

I 

a(Z,E)  = X ( Z ) a ( Z , E )  

where X ( Z )  i s  t h e  Auger T r a n s i t i o n  p r o b a b i l i t y  which i s  t a k e n  t o  
be 2% f o r  t h e s e  c a l c u l a t i o n s .  (2) 
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9 I V .  THE SOLAR X-RAY SPECTRUM 

The so la r  X-ray spectrum i s  h i g h l y  v a r i a b l e ,  depend- 
0 i n g  on t h e  s ta te  of s o l a r  a c t i v i t y .  From t h e  p h o t o e l e c t r i c  cross 

s e c t i o n ,  it i s  impor tan t  t o  n o t i c e  t h a t  t h e  wavelength r e g i o n  
n e a r e s t  t h e  K s h e l l  edge i s  most s u s c e p t i b l e  t o  a b s o r p t i o n .  
t h e  impor t an t  r eg ion  f o r  c o n s i d e r a t i o n  h e r e  i s  from 1 0  t o  23 & 

Thus, 

___ - . .. - -.. - __  - - - - for  oxygen and from 1 0  t o  31 a f o r  n i t r o g e n .  - - _  

The q u i e t  corona e m i t s  bo th  l i n e  and continuum r a d i a -  
t i o n  i n  t h i s  r eg ion .  
du r ing  large f l a r e s .  Narrow-band a b s o l u t e  i n t e n s i t i e s  are n o t  
y e t  a v a i l a b l e  i n  t h i s  s p e c t r a l  r eg ion .  However, s p e c t r a  of 
q u i e t  t i m e  corona has  been taken  -(3' 'so- t ha t  t h e  r e l a t i v e  i n t e n -  
s i t ies  of l i n e  and c o n t i n u m  may be ob ta ined .  
co rona l  tempera ture  one  can compute t h e  a b s o l u t e  i n t e n s i t i e s  of 
t h e  continuum processes .  ( 4 )  The l i n e  emission c o n t r i b u t i o n  may 
t h e n  be  added a t  each wavelength i n t e r v a l  t o  o b t a i n  t h e  t o t a l  
emission.  
r e s u l t  w i th  t h e  a b s o l u t e  broad band X-ray emission d a t a  taken  

du r ing  a pe r iod  of s i m i l a r  s o l a r  a c t i v i t y .  (5) The s o l a r  spectrum 
determined i n  t h i s  manner i s  shown i n  F igu re  3 f o r  Te = 2 x 1060K 
( s o l a r  q u i e t )  and T = 4 x 1 0 6 0 K  ( d i s t u r b e d  p e r i o d ) .  The f l u x  i s  
a d j u s t e d  by a s i n g l e  s c a l e  f a c t o r  t o  make t h e  8-20 
pu ted  i n  t h i s  manner correspond t o  t h e  exper imenta l  d a t a .  
C o r r e c t i o n s  are less than a f a c t o r  of 2 .  

Enhancement may va ry  by a f a c t o r  of 1 0  

-- - - -  - - - - __ __ _I - __ - - _. -- - - _ _  

With an assumed 

This  method may then  be v e r i f i e d  by comparing t h e  

e 
f l u x  c o m -  

V. THE ATMOSPHERIC DENSITY 

._ The atomic d e n s i t y  i n  t h e  F r eg ion  i s  g iven  by t h e  
scale h e i g h t  and exospher ic  temperature .  
by a factor  of 2 f r o m  day t o  n i g h t  and by a f a c t o r  of 1 0  from 
s o l a r  q u i e t  t o  p e r i o d s  of extreme s o l a r  a c t i v i t y .  F i g u r e  4 

shows t h e  range of v a l u e s  t o  be a n t i c i p a t e d .  (6) C a l c u l a t i o n s  
w i l l  be  performed wi th  both  extremes. 

This  d e n s i t y  may va ry  

V I .  RESULTS 

The r e s u l t s  of t h e  c a l c u l a t i o n  p resen ted  h e r e  are 
shown i n  F igu re  5. They i n d i c a t e  t h a t  a t  low a l t i t u d e s ,  s i g -  
n i f i c a n t  c o n t r i b u t i o n  t o  t h e  X-ray f l u x  from e x t r a t e r r e s t r i a l  
s o u r c e s  may be a n t i c i p a t e d  from atmospheric  f l u o r e s c e n c e  by 
solar  X-radiat ion.  R e s u l t s  a r e  shown i n  u n i t s  of photons/cm2 
s t e r a d i a n .  The X-ray r a d i a t i o n  from L-K s h e l l  t r a n s i t i o n s  
should  be  23.6 f o r  oxygen and 31.6 & f o r  n i t r o g e n ;  however, 
t h e  bandwidth of d e t e c t o r s  used w i l l  probably d e t e c t  t h e  sum 
of t h e  r a d i a t i o n  from both atoms ( o r  i o n s ) .  

a l l  e n e r g i e s .  

The oxygen c o n t r i -  
* bQt ion  i s  cons ide rab ly  larger t h a n  t h e  n i t r o g e n  c o n t r i b u t i o n  i n  
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The Naval Research Laboratory h a s  made e x t e n s i v e  u s e  
Various p o r t i o n s  of t h e  sky have been of  t h e  44-60 A d e t e c t o r .  

s ea rched  f o r  X-ray sou rces  as w e l l  as t h e  g e n e r a l  X-ray back- - 
ground us ing  t h i s  d e t e c t o r .  (6) 
background l i s t e d  i n  F igu re  5 are from these experiments .  While 
t h e  atmospheric  f l u o r e s c e n c e  i s  p r i m a r i l y  a t  20-35 8 ,  t h e  ga l ac -  
t i c  i n t e n s i t i e s  a t  44-60 w i l l  s e r v e  as a gu ide  f o r  o r d e r  of 

The i n t e n s i t i e s  of t h e  X-ray 

. magnitude estimates of t h e  X-ray i n t e n s i t i e s  a n t i c i p a t e d .  - - -_ - - - __ ._- 

V I I .  DISCUSSION 

F i g u r e  5 i n d i c a t e s  t h e  s i g n i f i c a n t  advantages of  
earth o rb i t s  above 300 nm f o r  t h e  performance of meaningful 
dayt ime X-ray-astronomy experiments .  An -o rb i t  of 300  nrn i s  - - 

p a r t i c u l a r l y  impor tan t  for  measurements du r ing  h igh  solar  
a c t i v i t y  or when low level sou rces  are be ing  s t u d i e d .  

- -  _- -_ - - _I - - 

. S i n c e  a m a j o r i t y  of t h e  known X-ray sources  appear  
t o  be d i s t r i b u t e d  near  t h e  c e n t e r  of t h e  ga laxy  it i s  p o s s i b l e  
t h a t  f o r  a s h o r t  d u r a t i o n  miss ion  ( t w o  months) these sources  
would on ly  be v i s i b l e  du r ing  t h e  daytime p o r t i o n  of t h g  o r b i t .  
-Thus, f o r  meaningful X-ray astronomy r e s u l t s  a t  20-35 A ,  a 
300 nm o r b i t  i s  h i g h l y  d e s i r a b l e ,  and du r ing  s o l a r  maximum it 
i s  e s s e n t i a l .  

7.. 9.. 4oJd, 
F. F ,  Tomblin 10 15-FFT-caw 

Attachments 
References 
F i g u r e s  1-5 
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